The goal of nding an optimal electric eld strength distribution for arbitrary three dimensional problems can be achieved by utilizing a parametric CAD modelling system that needs to be coupled with a three dimensional electric eld calculation program. These components are to be linked with a numerical optimization algorithm. The package obtained from these three components is then able to automatically optimize arbitrary three dimensional eld problems in high voltage engineering. Since one of the bottlenecks in the optimization process mentioned above is the three dimensional electric eld calculation several methods for accelerating this process have been investigated. One of these methods, the parallelization of the numerical eld calculation, will be explained in this paper. A practical example which has been optimized using the tools described in this paper will be introduced 1 .
Introduction
The design of high voltage systems and their components (e.g. gas insulated switchgear, transformers etc.) is governed by the goal of reaching maximum reliability with a minimal need of material and space. A substantial prerequisite in order to reach this goal is an optimal electric eld strength distribution on electrode surfaces and dielectric boundaries. Such an optimal eld strength distribution can be found using appropriate numerical optimization algorithms in combination with numerical eld calculation meth-ods. A mathematical optimization algorithm is an algorithm that tries to nd an optimal set of parameters for which a given objective function reaches a minimum. In order to utilize such an algorithm for high voltage engineering problems it is necessary to generate the geometry to be optimized depending on the parameters delivered by the optimization algorithm. Furthermore, it is desirable to optimize complex three dimensional eld problems within a minimum computation time. 3] . The eld strength is passed to the optimizer as the objective function value from which a new set of design parameters is generated. These design parameters are read by the parametric CAD modeller which generates a new instance of the model to be optimized. The loop is repeated until a termination criterion (depending on the optimization algorithm being used) is reached.
A practical example
In 13] several minimization algorithms have been investigated using a two dimensional eld optimization problem. Based on the results of this research, the Hooke-Jeeves Method 8], the NelderMead Method 11] and the Fletcher-Reeves Algorithm 16] have been used for the optimization of a practical three dimensional example. Figure 2 shows a transformer output lead whereas gure 3 shows the design parameters of the shielding electrodes for which an optimal set with regard to the maximum eld strength was to be found. 
Optimization Results
The rst optimization was performed with the Hooke-Jeeves method. An optimal shape for the shielding electrodes could be found after 102 optimization steps. The maximum eld strength was only 72.6 per cent of the inital value (see gure 5). The 25.0 60.7 Figure 5 shows the eld strength distribution on the initial and the optimal electrode shapes. 5. 2 A parallel e ciency of 100 per cent means a total runtime speedup of n when using n parallel nodes The optimization was also performed using the Nelder-Mead method and the Fletcher-Reeves algorithm. Both methods were able to nd a similar optimal design parameter set. However, it took more optimization steps to nd the optimum (Nelder-Mead 182 steps, Fletcher-Reeves 212 steps).
Conclusions
With the methods and techniques presented in this paper it is possible to optimize arbitrary three dimensional eld problems. The geometry can be generated from the design parameter set by parametric CAD modelling software. The three dimensional eld calculation program POLOPT calculates the model prepared by the CAD program and passes the maximum eld value to an optimization algorithm which generates a new design parameter set that is read by the parametric CAD modeller. Since typical optimizations can take a number of optimization steps with an order of magnitude of 10 2 which can be very time consuming it is desirable to accelerate this process. The eld calculation process itself (which is the bottleneck of the optimization run) has been parallelized which resulted in a massive reduction of calculation times. A typical three dimensional example which was successfully optimized using the techniques described in this paper has been presented.
